Abstract. In the course of an epidemiologic survey in Ecuador, the following collection of Leishmania stocks was isolated: 28 from patients with clinical signs of leishmaniasis, 2 from sloths, 1 from a dog, and 4 from sand flies. For genetic characterization of these stocks, multilocus enzyme electrophoresis (MLEE) and random amplified polymorphic DNA (RAPD) were used. Twenty six of the 35 stocks were identified as either Leishmania (V.) panamensis or L. Cutaneous and mucocutaneous leishmaniases constitute a serious public health problem in Ecuador, since the disease is endemic in 17 of 20 provinces.
Isolate collection. The study adhered to the ethical rules of the European Community in accordance with the Ecuadorian government. Twenty-eight stocks were isolated from patients presenting clinical signs, 2 isolates were from sloths, 1 from a dog, and 4 from sandfly vectors ( Table 1) . Twentysix of these stocks were obtained at 3 study stations selected in departments with a high transmission level of leishmaniasis: La Tablada, Paraiso Escundido, and Zumba ( Figure 1 ). La Tablada and Paraiso Escundido on the Pacific coast were selected based on their geographic location (rural areas not easily accessible) and the endemic character of the disease. Paraiso Escundido is located in the interior part of the country in humid tropical forest, and La Tablada is a littoral village in a dry tropical forest. The third site, Zumba, is located in the southern part of the country in the Amazonian plain. Some parasites were isolated from 2 other sites: 1 stock came from Vozandes Hospital in Quito and 5 other stocks came from Augusto Egas Hospital in Santo Domingo ( Table  1 ). The origin of 3 stocks is unknown.
To better ascertain the species attribution of the stocks surveyed, 11 reference stocks pertaining to different species were added to the study : Isolation and culture of parasites. Human and canine stocks were isolated by classical techniques of biopsy and aspirated materials. Stocks PL2 and PL21 were taken from sloths by hepatic puncture. To identify the parasites from an isolate, the technique of Armijos and others was used. 4 The parasites were bulk-cultured in RPMI 1640 medium with 10% fetal calf serum. They were harvested by centrifugation (8,000 ϫ g for 15 min at 4ЊC) and washed twice in phosphate-buffered saline, pH 7.3.
Preparation of samples and isoenzyme electrophoresis. Technical conditions for preparation of samples, electrophoresis, and staining procedures have been described by Ben Abderrazak and others. 11 13 has been used in the characterization of various parasitic protozoa by Tibayrenc and others. 14 A subset of 16 stocks of this Ecuadorian sample (marked by an asterisk in Table 1) The DNA was isolated according to the protocol of Sambrook and others. 15 Thirteen primers in a kit (Operon Technologies, Inc., Alameda, CA) were used: A10: GTGATCGCAG, B8: GTCCA-CACGG, F1: ACGGATCCTG, F13: GGCTGCAGAA, N13: AGCGTCACTC, N20: GGTGCTCCGT, R13: GGACGA-CAAG, R14: CAGGATTCCC, R15: GGACAACGAG, R16: CTCTGCGCGT, R20: CTCTGCGCGT, U15: ACGGGCCA-GT, and U16: CTGCGCTGGA.
Identification of stocks and estimation of genetic relationships. The electrophoretic profiles of Ecuadorian stocks were compared with those of stocks used as reference for the different species. On the basis of band similarity and known diagnostic loci, a species attribution was made for each stock.
The genetic relationships among the stocks were established by computing Jaccard distances from multilocus enzyme electrophoresis (MLEE) and RAPD data for all possible pairwise comparisons: 16 Dij ϭ 1 Ϫ (a/a ϩ b ϩ c) where a ϭ number of bands that are common to the i and j stocks, b ϭ number of bands recorded for stock i and absent for stock j, and c ϭ number of bands recorded for stock j and absent for stock i. From the distance matrix obtained, unweighted pair-group method with arithmetic averages (UPGMA) dendrograms were designed. 17 Population genetic analysis. Leishmania population structure in this area was explored by the analysis of linkage disequilibrium or nonrandom association of genotypes occurring at different loci. The tests proposed by Tibayrenc and others 18 were used. They are based on the null hypothesis that the population is panmictic (recombination occurs at random). Any statistical departures from the panmictic expectations show that gene flow is inhibited in the population. The d1 test calculates the combinatorial probability of sampling the most common genotype as often as, or more often than, the observed frequency. The d2 test calculates the probability of observing any genotype as often as, or more often than the most common genotype in the sample. The e test calculates the probability of observing as few or fewer genotypes in the population than observed in the sample. The f test calculates the probability of observing a linkage disequilibrium in the population as high or higher than the one observed in the sample. The d2, e, and f tests are based on computer simulations (Montecarlo tests) with 10 4 runs. The biases generated by either spatial or temporal isolation, and the means to avoid them, have been reported by Tibayrenc and others. 19 
RESULTS
The species attribution of each stock was based on the diagnostic loci identified by Guerrini (Guerrini F, 1993. ) colombiensis reference stocks and the 2 stocks PL2 and PL21 isolated from sloths. These sloth stocks appeared to be equally distant (genetic distance ϭ 0.7) from both reference stocks. Leishmania (L.) infantum was phytogenetically very distant from all other stocks included in the study, which is consistent with the assignment of this species to another subgenus (Leishmania).
The RAPD technique was performed only on a subset of 16 Ecuadorian stocks belonging to the L. (V.) panamensis/ guyanensis group (Table 1) We performed the population genetic tests of recombination from isoenzyme data in the L. (V.) panamensis/guyanensis group, which is the largest part of the sample. The 5 stocks with complex Nhi 2 and Pgm patterns, which pose specific problems of interpretation, were excluded from the analysis, together with the reference stocks. Finally, the 26 Ecuadorian stocks of cluster 1 were used for the population genetic analysis. We used the recombination tests d1, d2, e, and f, which are all related to the linkage disequilibrium phenomenon, but explore different facets of it. 17 The results were as follows: d1: P ϭ 5.9 ϫ 10 Ϫ3 (for the genotype of the EK649 stock, represented 2 times), 9 ϫ 10 Ϫ3 (for the genotype of the E12 stock, represented 3 times); d2: P not significant; e: P not significant; f: P ϭ 10 Ϫ4 .
DISCUSSION
In Ecuador, the predominant clinical forms are the cutaneous and mucocutaneous leishmaniases with a large spectrum of clinical variation. It has been inferred that clinical variability of the disease was due to the diversity of Leishmania species encountered in Ecuador. 1 Two of the 35 stocks analyzed were identified as L. (V.) braziliensis. These stocks were from a patient from in hospital in Santo Domingo, and from a patient in Vozandes Hospital in Quito (Figure 1) . These results confirm previously published data showing the presence of L. (V.) braziliensis in Ecuador. 3 The identification of 2 L. (V.) braziliensis stocks is consistent with the presence of mucocutaneous clinical forms in Ecuador. 20, 21 Two stocks, PL2 and PL21, isolated from sloths in the site at La Tablada ( Figure 1 ) have specific isoenzyme multilocus genotypes. Their isoenzyme profile is distinct from any known Leishmania species. Nevertheless, they are clustered, although remotely, with the L. (V.) colombiensis and L. (V.) equatorensis reference stocks (Figure 2 ). These 2 sloth stocks have similar genotypes (only 1 allele difference). It is unexpected that these 2 sloth stocks are not identified as L. (V.) panamensis, since Edentata are known to be the major reservoir of this Leishmania species. 22, 23 It would be necessary to increase the sample of Leishmania stocks from sloths in Ecuador to better understand the epidemiology and taxonomic status of these specific genotypes.
The L. (V.) panamensis/guyanensis group is dominant in the present sample. Indeed, of 35 examined stocks, 26 stocks isolated from humans, a dog, or Lu. trapidoi pertain to this group. These results are consistent with the data of Hashigushi and others. 5 Only a few cases of dog infection by the species L. (V.) panamensis/guyanensis have been were reported. 24 Until now, the domestic dog has been previously demonstrated to be essentially the reservoir of L. (L.) infantum. One case of canine infection by L. (V.) tropica has been reported. 25 It is also suspected to be a reservoir for the L. (V.) peruviana species. 26 Nevertheless, clinico-epidemiologic data suggest that the dog infection by the species L. (V.) panamensis/guyanensis recorded here is accidental, since this case was the only one in an extensive survey performed on dogs. The 4 stocks isolated from Lu. trapidoi were also identified as L. (V.) panamensis/guyanensis. These data are consistent with the notion that Lu. trapidoi is the major vector of L. (V.) panamensis in Ecuador. 23 The 5 stocks from Zumba grouped in cluster 2 ( Figure 2 ) could not be classified by the classical diagnostic markers in the L. (V.) panamensis/guyanensis group. The complex profiles of Nhi 2, Pgm, and Mpi loci for the stock P5 were interpreted as heterozygous patterns between the L. (V.) guyanensis and L. (V.) braziliensis species. 27 On the MLEE UPGMA dendrogram, it is impossible to distinguish any clear additional subdivision within the cluster 1 composed of the L. (V.) panamensis and L. (V.) guyanensis reference stocks and the Ecuadorian stocks related to them. This lack of clear-cut subdivisions is fully confirmed by the RAPD data obtained from a subset of 16 Ecuadorian stocks and the reference stocks belonging to the L. (V.) guyanensis and L. (V.) panamensis species, which again show no tendency of clear clustering into 2 discrete groups that would correspond to each of these 2 species.
The 6-Pgd locus, which has been proposed as a diagnostic locus between these 2 species, shows considerable allelic diversity and does not permit any clear-cut subdivisions within the Ecuadorian sample of L. (V.) panamensis/guyanensis stocks (Figure 3) . 9 The only locus that could suggest a possible discrimination between the 2 species is Nhi 2 ( Table 2 ). All L. (V.) guyanensis reference stocks show an allele with a strong enzyme activity, whereas the L. (V.) panamensis reference stocks show a weak or null allele (Figure 4) . The Ecuadorian stocks have either one or the other of these 2 clearly distinct profiles. The 4 stocks isolated from Lu. trapidoi were also characterized by specific monoclonal antibodies, and were identified as L. (V.) guyanensis (Le Pont F, unpublished data). This species identification corresponds to the one obtained with the Nhi 2 locus (Table 2) .
Nevertheless, based on only 1 of 15 isoenzyme loci and FIGURE 2. Unweighted pair group method with arithmetic averages dendrogram built from Jaccard's genetic distances calculated from multilocus enzyme electrophoresis data. The genotypes that are specific for a given cluster are noted on the dendrogram. For definitions of enzyme loci, see Materials and Methods.
13 RAPD primers, it would be extremely tentative to infer that L. (V.) panamensis and L. (V.) guyanensis correspond to true distinct monophyletic lineages (discrete typing units [DTUs] ). 28 If this were true, these two DTUs would be closely related, and the relevance of describing them as separate taxonomic entities would be doubtful. Table 2 summarizes the tentative species attributions that can be drawn from the 6-Pgd and Nhi 2 loci.
In the L. (V.) panamensis/guyanensis group considered as a whole, the genotype diversity is high (0.807), whereas the phylogenetic variability is limited (mean Ϯ SD genetic distances ϭ 0.264 Ϯ 0.104). Diagnostic characters (Tags) 28 The d1 and f linkage disequilibrium tests showed highly significant results, which shows that gene flow is severely restricted in this set of stocks. The most parsimonious hypothesis to account for this result is a basically clonal population structure, which has already been inferred for other Leishmania species and other major human parasites. 18 Several comments can be made regarding this hypothesis. 1) It is not parsimonious to attribute departures from panmictic expectations to geographic distance and genetic drift. If this were the case, distribution of genotypes would be linked to geographic distance, which is not verified here. 19 2) The 5 putative hybrid genotypes were excluded from the linkage disequilibrium analysis. Departures from panmictic expectations are not therefore attributable to the presence of genes from another species.
3) The existence of hybrids is not incompatible with the hypothesis of a basically clonal population structure. As a matter of fact, this hypothesis does not imply that sex is totally absent. It states only that recombination is not frequent enough to break the prevalent pattern of clonal population structure. 
